INTRODUCTION
generally decrease with increasing long-term rates; faster moving faults (e.g., >2-5 mm/yr) have 71 broadly equivalent Holocene and longer-term displacement rates (Fig. 1 ). As these faster moving 72 faults are generally from areas of high regional strain rates (>10 −15 S -1 ), strain rate could be an 73 important determinant in the observed data distributions (Fig. 1) . A decreased scatter of 74
Holocene displacement rates from their long-term averages for higher strain rate systems could 75 be mainly due to an associated decrease in earthquake recurrence interval (Nicol et al., 2005) . 76
For high strain rate fault systems the average recurrence interval is relatively low (e.g., < 2 k.y.) 77 and, as a consequence, variations in displacement rates arising from changes in earthquake 78 recurrence or slip are less likely (than lower strain rate systems) to be reflected in the data 79 averaged over the 10 k.y. Holocene time window. By contrast, for faults within low strain rate 80 systems, recurrence intervals will approach, or may even exceed, the 10 k.y. Holocene time 81 window, and short-term displacement rates could be high because they do not sample an entire 82 recurrence interval. 83
TAUPO RIFT FAULTS 84
In an attempt to provide a rationale for the higher than average Holocene displacement 85 rates of Figure 1 , high quality displacement and paleoearthquake data are presented for 129 86 normal faults from the Taupo Rift (North Island of New Zealand), that range in length (1-70 87 km), displacement rate (0.01-4 mm/yr) and topographic scarp height (0.3-150 m). Displacement 88 rates together with the timing and slip of paleoearthquakes have been determined for parts of the 89 rift, which is a back-arc basin extending at rates up to ~12 mm/yr across a width of 15-30 km 90 (Villamor and Berryman, 2001; Wallace et al., 2004) . What distinguishes the Taupo Rift data set 91 from others, are the exceptional quantitative constraints on fault displacement accumulation, forall major faults in the system and for a range of time scales, which derive from a combination ofthe full range of conventional paleoseismological methods and geophysical tools (Villamor and 94 Catalán, et al., 2008; Mouslopoulou et al., 2008) . 96
Displacement rates on faults from the Taupo Rift have an approximately proportional 97 positive relation with fault length, for time intervals of 10 k.y. and greater (Fig. 2) . This increase 98 in displacement rate with fault size is similar to other fault systems and confirms that longer 99 faults generally move faster than short (Nicol et al., 2005; Mouslopoulou et al., 2009 ). The 100 positive correlation has been attributed to the proportional relation between earthquake slip and 101 fault length, with the y-axis value increasing for higher regional strain rates (Nicol et al., 2005; 102 Mouslopoulou et al., 2009 ). An additional important feature of Figure 2 (Fig. 2) . 111
The question is why some systems, such as the Taupo Rift, do not show a bias toward 112 higher rates on 10 k.y. time intervals while others do? Examination of short-term displacement 113 rates on the Taupo Rift faults indicate that for 2 k.y. intervals faults have approximately bimodal 114 displacement rates, i.e., they generally have higher than average displacement rates or, withinresolution, they do not move at all (Fig. 2) . This feature is consistent with the fact that estimates 116 of the recurrence interval of large earthquakes on individual faults in Taupo Rift are ~2-3 k.y. 117 (Nicol et al., 2005) . The significant number of higher than average displacement rate faults over 118 the past 2 k.y. in Taupo Rift (0-2 k.y. in Fig. 2 ), partly arises because measurements derive from 119 trenches which were generally located on the most clearly defined fault scarps. The smaller 120
proportion of low displacement rate faults, sometimes characterized by no discernible 121 displacement over the measured period, are not as easily identified and are therefore less often 122 sampled. While fault-scarp preservation potential is dependent on the relative rates of fault slip 123 and sedimentation (or burial), within a given system (i.e., where rates of surface processes are 124 comparable on all faults) faults which have ruptured most recently tend to have the best 125 preserved scarps and are more likely to have rates that are higher than their long-term averages. 126
The lack of sampling bias toward those Taupo Rift faults which have moved fastest in the 127
Holocene is mainly because the available data are of extremely high quality and the ~10 k.y. 128 sample window by far exceeds the average earthquake recurrence interval (~2-3 k.y.). While the 129
Figures 1 and 2 suggest that many faults experience short-term displacement rates that 138 differ from their long-term average. Temporal variations in displacement rates in the Taupo Rift, 139 particularly on timescales of 10 k.y. or less, are accompanied by changes in earthquake slip and 140 recurrence interval, which in both cases exceed an order of magnitude (e.g., Fig. 3 ). Similar 141 variations in earthquake recurrence intervals on individual faults have been widely observed 142 (e.g., Wallace 1987; Marco et al., 1996; Friedrich et al., 2003; Palumbo et al., 2004; Weldon et 143 al., 2004) , while evidence of variable slip per event through time is beginning to emerge but is 144 less commonly reported (e.g., Palumbo et al., 2004; Weldon et al., 2004; Canora-Catalán et al., 145 2008) . Collectively, paleoearthquake studies show that it is these changes in earthquake 146 parameters for consecutive events on individual faults that produce variability in fault 147 displacement rates. This assertion is supported by the complex form of displacement-time curves 148 for individual faults in the Taupo and Taranaki rifts in New Zealand, which are directly linked to 149 the variable displacement rates (Nicol et al., 2006; Mouslopoulou et al., 2009) . 150
The link between displacement rates and earthquake parameters is shown by the 151 displacement-time curve in Figure 4 . This synthetic curve was generated using Taupo Rift 152 earthquake data from multiple faults by randomly choosing pairs of recurrence intervals and 153 slip/event from the population of paleoearthquakes on 0-0.3 mm/yr faults shown in Figure 3 . 154
Though such a simple stochastic model does not contain any conditioning, the displacement-time 155 curve nevertheless produces average displacement rates for 10 k.y. time intervals which range 156 from 0 to 0.5 mm/yr, a variability similar to that of 5-10 km long faults in Figure 2 . This model 157 provides an indication of how changes in earthquake slip and recurrence can influence faultearthquake behavior is an intrinsic property of fault systems and is a critical determinant on the 160 variability of displacement rates. 161
There are insufficient data to define the precise geometries of displacement-time curves, 162 although Figures 1-2 and previous work (e.g., Wallace, 1987; Palumbo et al., 2004; Weldon et 163 al., 2004; Nicol et al., 2006) indicate that the nonlinearity depicted in Figure 4 is common. In 164 such cases the time-and slip-predictable earthquake models (e.g., Shimazaki and Nakata, 1980) 
